ABSTRACT Aims/Introduction: The influence of overweight/obesity on the clinical efficacy and safety of sodium-glucose co-transporter 2 inhibitors is unclear. We carried out a pooled analysis to examine the impact of body mass index on the efficacy and safety of ipragliflozin. Materials and Methods: Patient-level data were pooled for five Japanese double-blind trials (NCT00621868, NCT01057628, NCT01135433, NCT01225081 and NCT01242215) in which patients were randomized to ipragliflozin or a placebo as monotherapy, or in combination with metformin, pioglitazone or a sulfonylurea. Outcomes included the changes in hemoglobin A1c, fasting plasma glucose, bodyweight and treatment-emergent adverse events. Patients were divided into four body mass index categories. Results: Hemoglobin A1c, fasting plasma glucose and bodyweight decreased significantly in the ipragliflozin group compared with the placebo group in all body mass index categories, and in the total cohort (all P < 0.001). Hemoglobin A1c did not improve in 11.2 and 69.2% of patients in the ipragliflozin and placebo groups, respectively. The change in hemoglobin A1c was weakly correlated with the change in bodyweight in all patients (r = 0.136, P = 0.002). Regarding laboratory variables, the placebo-subtracted difference tended to be greater in patients with higher body mass index for aspartate aminotransferase, alanine aminotransferase, c-glutamyl transpeptidase and uric acid. The incidences of treatment-emergent adverse events were similar between the ipragliflozin and placebo groups in all patients combined and in the four body mass index categories. Conclusions: These results show that the efficacy and safety of ipragliflozin are not influenced by obesity/overweight in Japanese patients.
INTRODUCTION
Ipragliflozin was the first sodium-glucose co-transporter 2 (SGLT2) inhibitor to be approved in Japan. It was associated with significant improvements in glycemic control in terms of hemoglobin A1c (HbA1c) and fasting plasma glucose (FPG) when administered as monotherapy over 12 weeks 1 or 16 weeks 2 , or for 24 weeks in combination with metformin 3 , pioglitazone 4 or a sulfonylurea 5 . No studies have examined the impact of obesity on the efficacy and safety of SGLT2 inhibitors. To provide further insight into the clinical efficacy and safety of ipragliflozin, we carried out a pooled analysis of these five Japanese trials. We examined whether the clinical efficacy and safety of ipragliflozin are influenced by body mass index (BMI) by dividing the patients into categories based on their BMI at screening. To the best of our knowledge, no study has evaluated the efficacy or safety of SGLT2 inhibitors in groups of patients divided on the basis of a wide range of BMI.
MATERIALS AND METHODS
We pooled data from the following five randomized, confirmatory, placebo-controlled, double-blind clinical studies (study reference number and ClinicalTrials.gov identifier): a phase 2 dose-finding trial (CL0103, NCT00621868) 1 ; a phase 3 monotherapy trial (CL0105, NCT01057628) 2 ; a phase 3 trial in combination with metformin (CL0106, NCT01135433) 3 ; a phase 3 trial in combination with pioglitazone (CL0107, NCT01225081) 4 ; and a phase 3 trial in combination with a sulfonylurea (CL0109, NCT01242215) 5 . Detailed descriptions of the design, outcomes and results of each trial can be found in their original reports, and a summary of each trial is provided in Tables S1 and S2. All of the trials were carried out in accordance with Good Clinical Practice, International Conference on Harmonization guidelines and applicable laws/regulations, and were approved by institutional review boards at all participating institutions. All patients provided written informed consent before enrolment.
The primary efficacy end-point in each trial was the change in HbA1c from baseline to the end of the double-blind treatment period (i.e., 12-24 weeks of treatment). HbA1c was measured according to the requirements of the Japan Diabetes Society, and units were converted to National Glycohemoglobin Standardization Program 6 and International Federation of Clinical Chemistry values 7 . The Supporting Information (Appendix S1) lists the secondary and safety end-points in the trials, the sample size calculations, and the statistical methods used in our pooled analysis.
RESULTS

Patients
The pooled analysis comprised a total of 508 patients in the ipragliflozin group and 321 patients in the placebo group. The baseline characteristics of patients in the placebo and ipragliflozin groups are shown for all patients combined and after stratification into the four BMI categories in Table 1 . The ipragliflozin and placebo groups were generally similar in each of the BMI categories, except for the proportions of patients on monotherapy or combination therapy, which differed significantly in all patients and in the BMI ≥28 kg/m 2 category (P < 0.05), but not in the other BMI categories. However, this was to be expected, because patients were randomized to the ipragliflozin and placebo group, at a 1:1 ratio in the monotherapy trials and at a 2:1 ratio in the combination therapy trials. The mean BMI was also significantly different between the ipragliflozin and placebo groups in all patients, but was similar in both groups in the individual BMI categories.
Efficacy
Glycemic control
The changes in HbA1c from baseline to the end of treatment are shown in Table 2 . HbA1c decreased significantly in the ipragliflozin group, but not in the placebo group in all patients combined with a placebo-adjusted mean change of -1.17% (Table 2) . Overall, 18.3 and 2.5% of patients in the ipragliflozin and placebo groups, respectively, achieved the target HbA1c of <7.0%, with similar proportions in each BMI category (ipragliflozin: 15.9-20.4%; placebo: 1.3-4.3%). In all patients combined, there was a significant negative correlation (r = -0.412, P < 0.001) between baseline HbA1c and the change in HbA1c from baseline to the end of treatment in the ipragliflozin group, but not in the placebo group. Overall, 11.2 and 69.2% of patients in the ipragliflozin and placebo groups, respectively, did not show any reduction of HbA1c levels ( Figure 1 ).
As shown in Table 2 , FPG decreased significantly in the ipragliflozin group, but not in the placebo group, with a placebo-adjusted mean change of -41.8 mg/dL in all patients combined (P < 0.001). The placebo-adjusted mean change in FPG was also significant in each BMI category, with values of -36.9, -47.4, -39.7, and -44.2 mg/dL for those in the <23, ≥23 to <25, ≥25 to <28 and ≥28 kg/m 2 BMI categories, respectively (all P < 0.001).
Bodyweight and waist circumference
In all patients combined, the mean reduction in bodyweight was -2.2 and -0.5 kg in the ipragliflozin and placebo groups, respectively, corresponding to a placebo-adjusted change of -1.7 kg (P < 0.001; Table 3 ). Although the placeboadjusted change in bodyweight tended to be greater in the highest BMI categories, the placebo-adjusted mean percent change of baseline value was comparable in each of the four BMI categories, with values between -2.00 and -2.95% (Table 3) . Bodyweight in the ipragliflozin group shifted to lower values than that in the placebo group. Overall, 23.2% of patients in the ipragliflozin group and 5.0% of patients in the placebo group showed a reduction in bodyweight of ≥5% (P < 0.001; Figure 2 ). As shown in Figure 3 , the change in bodyweight was only weakly correlated with the change in HbA1c in the ipragliflozin group (r = 0.136, P = 0.002), but not in the placebo group (r = -0.013, P = 0.818). The placeboadjusted reductions in waist circumference from baseline to the end of the double-blind treatment period were also significant (P ≤ 0.01) for all categories except for the <23 kg/m 2 BMI category (Table 3 ).
Blood pressure
The changes in systolic blood pressure (SBP) and diastolic blood pressure (DBP) are presented in Table 4 . The reductions in SBP were significantly greater in the ipragliflozin group than in the placebo group in all patients (P < 0.001), and in the ≥23 to <25 kg/m 2 (P < 0.05) and ≥25 to <28 kg/m 2 BMI categories (P < 0.001), but not in the other BMI categories. The reductions in DBP were significantly greater in the ipragliflozin group than in the placebo group in all patients (P < 0.001), and those in the ≥23 to <25, ≥25 to <28 and ≥28 kg/m 2 BMI categories (all P < 0.05), but not in those in the <23 kg/m 2 BMI category. In all ipragliflozin-treated patients combined, the reduction in SBP from baseline to the end of treatment was greater in patients with a reduction in bodyweight of ≥5% (-7.0 -14.95 mmHg; n = 118) than in patients with a reduction in bodyweight of <5% (-3.1 -12.49 mmHg, n = 390). By contrast, the reduction in DBP was similar in these two subgroups (-3.1 -9.85 and -2.5 -8.41 mmHg, respectively). Tables S3-S5 show the values at baseline and the changes in laboratory variables from baseline to the end of treatment. There were significant differences between the ipragliflozin and placebo groups for the baseline fasting serum insulin and leptin in all patients combined, and in fasting serum insulin and lowdensity lipoprotein cholesterol (LDL-C) in the BMI ≥28 kg/m 2 category.
Laboratory variables
Significant reductions in fasting serum insulin were observed in the ipragliflozin group compared with the placebo group in all patients, and those in all BMI categories (all P < 0.05), except for the ≥23 to <25 kg/m 2 category. Reductions in leptin concentrations were significantly greater in the ipragliflozin groups in all BMI categories (all P < 0.05), except in the ≥28 kg/m 2 BMI category. Adiponectin increased significantly in the ipragliflozin groups in all patients (P < 0.001), and in the <23 kg/m 2 (P < 0.05) and ≥23 to <25 kg/m 2 (P < 0.01) BMI categories. The reduction in triglycerides was significantly different between the ipragliflozin and placebo groups in all patients (P < 0.01), and in the <23 kg/m 2 (P < 0.05) and ≥28 kg/m (P < 0.01) BMI categories. There were no consistent changes in LDL-C across the BMI categories of study groups, and the changes were not significantly different between the ipragliflozin and placebo groups. By contrast, high-density lipoprotein cholesterol (HDL-C) increased significantly in the ipragliflozin groups relative to the placebo groups in all patients (P < 0.001) and in all BMI categories (all P < 0.05), except for the ≥28 kg/ m 2 BMI category. Liver enzymes (AST, alanine aminotransferase [ALT] and cglutamyl transpeptidase [c-GTP]) decreased in the ipragliflozin groups compared with the placebo groups in all patients (P < 0.001 for all enzymes), and in the ≥23 to <25 kg/m 2 (P < 0.01 for ALT and P < 0.001 for c-GTP), ≥25 to <28 kg/ m 2 (P < 0.001 for AST and ALT, P < 0.01 for c-GTP) and ≥28 kg/m 2 (P < 0.001 for all enzymes) BMI categories. Baseline BMI was weakly, but significantly, correlated with the changes in AST (n = 508, r = 0.149, P < 0.001) and ALT (n = 508, r = 0.208, P < 0.001), but not with c-GTP from baseline to the end of treatment in the ipragliflozin group. The change in bodyweight from baseline to the end of treatment was also correlated with the changes in AST (n = 508, r = 0.129, P = 0.004) and ALT (n = 508, r = 0.131, P = 0.003), but not with c-GTP in the ipragliflozin group. Baseline BMI and the change in bodyweight were not correlated with changes in liver enzymes in the placebo group, except for the change in bodyweight with the change in ALT (n = 321, r = 0.169, P = 0.003) and the change in bodyweight with the change in c-GTP (n = 321, r = 0.176, P = 0.002).
Hematocrit and blood urea nitrogen increased in all patients and in all BMI categories in the ipragliflozin groups compared with the placebo groups (all P < 0.01). The b2-microglobulin/ creatinine ratio increased significantly in the ipragliflozin groups compared with the placebo groups in all patients (P < 0.05) and in the ≥28 kg/m 2 BMI category (P < 0.05). By contrast, there were no significant differences between the ipragliflozin groups and placebo groups in terms of the changes in the urinary N-acetyl-b-D-glucosaminidase/creatinine ratio.
There were significant decreases in the estimated glomerular filtration rate from baseline to the end of treatment between the ipragliflozin group and the placebo group in all patients combined (P < 0.05) and in patients in the <23 kg/m 2 BMI category (P < 0.01).
Adverse events
The incidence rates of treatment-emergent adverse events (TEAEs), serious TEAEs, TEAEs leading to study discontinuation and TEAEs of special interest (hypoglycemia, urinary tract/ genital infections, and polyuria/pollakiuria) are shown in Table 5 for all patients combined, and in Table S6 for patients divided into the four BMI categories. Overall, there were no marked differences in the incidences of TEAEs among the four BMI categories or between the ipragliflozin and placebo groups, with the exceptions of genital infection, polyuria/pollakiuria and thirst, which were more common in the ipragliflozin groups. Genital infection-related and urinary tract infection-related 
Figure 2 | Distribution of changes in bodyweight from baseline to the end of treatment in the placebo (n = 321) and ipragliflozin (n = 508) groups. The median change in bodyweight was -0.5 and -2.2 kg in the placebo and ipragliflozin groups, respectively. A reduction in bodyweight of ≥5% from the baseline value was observed in 5.0 and 23.2% of patients in the placebo and ipragliflozin groups, respectively (P < 0.001). TEAEs were more commonly observed in females than in males.
DISCUSSION
In the present pooled analysis of five randomized confirmatory, placebo-controlled, double-blind clinical studies, we found that ipragliflozin significantly reduced both HbA1c and FPG as compared with placebo in all patients combined and in each BMI category. The pooled analyses also showed significantly greater reductions in bodyweight from baseline to the end of treatment in the ipragliflozin group (by a mean of 2.5%) than in the placebo group in all four BMI categories. Notably, the reduction in HbA1c in the ipragliflozin group was essentially independent of the change in bodyweight owing to the correlation coefficient of 0.136. Furthermore, when we carried out stepwise multiple regression to identify variables associated with the change in HbA1c from baseline to the end of treatment, the final model did not include BMI as an explanatory variable, which suggests that baseline BMI was not associated with the change in HbA1c (data not shown). The analyses also showed that the safety profile of ipragliflozin was mostly unaffected by BMI, except for the changes in some laboratory variables, as the reductions in liver enzymes tended to be greater in the higher BMI categories, whereas the increase in HDL-C tended to be greater in the lower BMI categories. To our knowledge, this is the first pooled analysis to evaluate the potential impact of BMI on the efficacy and safety of an SGLT2 inhibitor. However, several pooled analyses and meta-analyses of clinical trials have documented the efficacy and safety of other SGLT2 inhibitors [8] [9] [10] . In a meta-analysis of 10 empagliflozin trials (6,203 patients) 8 , the mean placebo-subtracted changes in HbA1c were -0.62% (95% confidence interval [CI] -0.68 to -0.57) and -0.66% (95% CI -0.76 to -0.57) for 10 and 25 mg empagliflozin, respectively. Unfortunately, the study by Liakos et al. 8 did not examine the effects of empagliflozin on FPG. A significant placebo-subtracted reduction in bodyweight was also found (-1.84 kg, 95% CI -2.30 to -1.38 kg). Although 25 mg empagliflozin did not increase the incidence of hypoglycemia (odds ratio [OR] 1.10, 95% CI 0.87 to 1.39), it did increase the incidence of genital tract infections compared with placebo (OR 3.31, 95% CI 1.55 to 7.09).
Similar findings were also reported in two meta-analyses of dapagliflozin 9, 10 . In the first meta-analysis of 12 trials 9 , the placebo-subtracted reductions in HbA1c, FPG, and bodyweight were -0.52% (95% CI -0.60 to -0.45%), -1.13 mmol/L (95% CI -1.33 to -0.93 mmol/L), and -2.10 kg (95% CI -2.32 to -1.88 kg), respectively. In a meta-analysis involving ten trials 10 , the placebo-subtracted reductions in HbA1c, FPG, and bodyweight were -0.53% (95% CI -0.58 to -0.47%), -1.06 mmol/L (-1.20 to -0.92 mmol/L) and -1.63 kg (95% CI -1.83 to -1.43 kg), respectively.
In a meta-analysis of four randomized, placebo-controlled 26-week studies of 100 or 300 mg canagliflozin 11 , the placebosubtracted mean changes in HbA1c in patients aged <65 years were -0.7% (95% CI -0.8 to -0.6%) and -0.9% (95% CI -1.0 to -0.8%) for 100 and 300 mg canagliflozin, respectively. In the 100 and 300 mg canagliflozin groups, the mean placebo-subtracted changes in FPG were -1.7 mmol/L (95% CI -2.0 to -1.5 mmol/L) and -2.2 mmol/L (95% CI -2.5 to -2.0 mmol/L), respectively, whereas the changes in bodyweight were -2.2% (95% CI -2.6 to -1.8%; -2.0 kg) and -2.8% (95% CI -3.3 to -2.4%; -2.5 kg), respectively.
In the present pooled analysis, the placebo-adjusted changes in HbA1c, FPG and bodyweight were -1.17%, -41.8 mg/dL (-2.32 mmol/L) and -1.7 kg (-2.5%), respectively, for all patients combined. These results show that there are fairly consistent effects of SGLT2 inhibitors on HbA1c, FPG, and bodyweight with minor differences in the changes in those parameters, as compared with the other clinical trials using different SGLT2 inhibitors [9] [10] [11] . Considering that the present analyses were based on Japanese studies, which included very lean participants with type 2 diabetes, it is important to compare the present results with studies of ipragliflozin in Western patients, who typically have greater BMI than Japanese patients. So far, only one study of ipragliflozin in Western patients has been published 12 .
In that 12-week study, patients were randomized to 12.5, 50, 150, or 300 mg ipragliflozin or placebo in combination with metformin. Over 12 weeks, 12.5, 50, 150 or 300 mg ipragliflozin significantly reduced HbA1c (placebo-adjusted mean changes: -0.22, -0.34, -0.40 and -0.48%, respectively), FPG (-0.41, -0.73, -1.29 and -1.48 mmol/L, respectively) and Values are presented as n (%). Treatment-emergent adverse events (TEAEs) in patients divided into the four body mass index categories are presented in Table S6 .
bodyweight (-0.44, -1.62, -1.51 and -1.73 kg, respectively). Further studies are necessary to provide additional information on the efficacy of ipragliflozin in Western patients, and allow more detailed comparisons between Japanese and Western patients.
In the present pooled analysis, there was a significant negative correlation (r = -0.438, P < 0.001) between the baseline HbA1c and the reduction in HbA1c from baseline to the end of treatment in the ipragliflozin group. In other words, patients with poor glycemic control showed a greater reduction in HbA1c during treatment with ipragliflozin. However, as shown in Figure 1, 11 .2% of patients in the ipragliflozin group did not show a reduction in HbA1c. Owing to the design of these analyses, we could not identify the factors that might be related to the lack of a response to ipragliflozin, even in some patients with high baseline HbA1c levels.
Our pooled analyses showed that ipragliflozin reduced triglycerides and increased HDL-C levels, whereas LDL-C levels were unchanged, and were not different between the ipragliflozin and placebo groups. Reductions in triglycerides and increases in HDL-C and LDL-C were reported in a clinical trial 11 and in a pooled analysis 13 of canagliflozin. In the pooled analysis of 100 and 300 mg canagliflozin 13 , the placebo-subtracted mean changes in triglycerides, HDL-C, and LDL-C were -5.2% (95% CI -10.0 to -0.3), 5.4% (95% CI 3.6 to 7.2) and 4.5% (95% CI 1.4 to 7.6), respectively, for 100 mg canagliflozin. The placebosubtracted mean changes in triglycerides, HDL-C, and LDL-C were -7.6% (95% CI -12.5 to -2.8), 6.3% (4.5 to 8.2) and 8.0% (4.9 to 11.1), respectively, for 300 mg canagliflozin. In a pooled analysis of dapagliflozin studies 14 , the mean percent changes in triglycerides, HDL-C, and LDL-C ranged from -3.2 to -5.4%, from 3.8 to 6.5% and from 0.6 to 2.7%, respectively, in the dapagliflozin groups, compared with -0.7, 3.8 and -1.9%, respectively, in the placebo group. These findings suggest that SGLT2 inhibitors influence lipid metabolism and might increase triglyceride degradation, possibly to counteract the reduced glucose availability. The effects of SGLT2 inhibitors on LDL-C levels, in particular, warrant further evaluation to understand the potential clinical relevance, although ipragliflozin did not increase LDL-C levels based on the present pooled analysis.
Another clinically relevant metabolite, uric acid, showed greater placebo-subtracted reductions in patients with higher BMI in the present study. In three placebo-controlled studies of dapagliflozin, the placebo-corrected mean changes ranged from -0.5 to -0.8 mg/dL 15 . In a meta-analysis of ten dapagliflozin studies, dapagliflozin reduced uric acid compared with placebo (mean difference -36.17 mmol/L [-0.61 mg/dL], 95% CI -40.99 to -31.36 mmol/L [-0.69 to -0.53 mg/dL]) 10 . For ipragliflozintreated patients, the mean change in uric acid was -0.2 mg/dL, which was statistically significant (P < 0.001).
Several mechanisms could be involved in the reduction in bodyweight, including an increase in lipid metabolism in order to offset the reduction in glucose availability 16, 17 and changes in plasma volume 18 . The increase in urinary glucose excretion has an osmotic effect, causing an increase in water loss (osmotic diuresis), as reflected by the moderate incidence of polyuria/ pollakiuria-related TEAEs. This fluid loss might reduce plasma volume and induce hemoconcentration, as shown by the increases in hematocrit and blood urea nitrogen.
The present analyses also showed significant reductions in SBP and DBP, especially in the ≥23 to <25 and ≥25 to <28 kg/ m 2 BMI categories. Similar results were reported for other SGLT2 inhibitors, and it was speculated that the reductions are mediated by osmotic diuresis 19 . In the present analyses, although we observed increases in hematocrit and blood urea nitrogen indicative of a reduction in fluid volume, only the change in hematocrit was very weakly correlated with the change in DBP from baseline to the end of treatment (n = 507, r = 0.095, P = 0.034).
Several pooled analyses have examined the overall safety and rare adverse events (AEs) associated with other SGLT2 inhibitors, including dapagliflozin 14 and canagliflozin 13 . In a pooled analysis of 12 randomized controlled trials 14 , hypoglycemia (dapagliflozin vs placebo; 11.8 vs 7.0%), urinary tract infections (4.8 vs 3.7%), vulvovaginitis/balanitis and related infections (5.1 vs 0.9%), and non-serious volume-related AEs (0.8 vs 0.4%) were more common in the dapagliflozin group. Usiskin et al. 13 carried out a pooled analysis of patient-level data from four clinical trials involving 2,313 patients treated with 100 or 300 mg canagliflozin, or placebo. They noted that canagliflozin increased the incidence of hypoglycemia in a dose-dependent manner, and was associated with higher incidences of genital infections and osmotic diuresis-related AEs.
Genital and urinary tract infections 15, [20] [21] [22] are among the most common TEAEs in patients treated with SGLT2 inhibitors, and are generally more common in women than in men.
Some limitations of this pooled analysis should be mentioned, including the differences in the treatments used in each study (monotherapy or combination with metformin, sulfonylurea, or pioglitazone), and the varying numbers of patients between each trial. These factors could introduce some bias into the analyses, although we tried to overcome this by including trial as a fixed effect in the analyses. Despite these limitations, pooled analyses of patient-level data might be more informative than meta-analyses, which calculate weighted mean differences, and might not fully address the relationship between the baseline value and the change from baseline for clinical variables or the distributions of values.
We originally intended on using the following BMI cut-off values, as set by the Japanese Society for the Study of Obesity: 20-22, 22-25, 25-30 and ≥30 kg/m 2 . However, this resulted in a very small number of patients in the highest BMI category, which reduced the reliability of the statistical analyses. This is perhaps unsurprising given that just 3.8% of men and 3.2% of women in Japan had a BMI of ≥30 kg/m 2 in a recent epidemiological study 23 . To improve the reliability of the analyses, we used alternative BMI cut-off values, which provided similar distributions of patients across the four BMI categories. In conclusion, these pooled analyses showed consistent effects of ipragliflozin on the reductions in HbA1c, FPG and bodyweight in Japanese patients stratified into four BMI categories. Of note, the reductions in HbA1c were weakly correlated with the change in bodyweight. Ipragliflozin was also associated with favorable changes in blood pressure, triglycerides, HDL-C, uric acid, liver enzymes (AST, ALT and c-GTP), adiponectin and leptin. Finally, the safety/tolerability of ipragliflozin was unaffected by BMI, although the incidence of genital infectionrelated AEs was higher in women than men in the ipragliflozin group. Patients and clinicians should be aware of the risk of genital/urinary tract infections and polyuria/pollakiuria-related TEAEs, when prescribing ipragliflozin.
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